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INTRODUCTION of the apparatus :'s the off-center sampling port in
the partitioning disc between the two compart-

This investigation was undertaken as part* of ments. Without this precaution, the liquid sodiumn,
a continuing programn to establish the compatibility which is held back in the broad meniscuis formed
of various structural material, with liquid sodium. around the wall of the equilibration compartment
Solubility data are required to predict rilass trans- due to surface tension effects, has low sampling
fer rates for a specific heat transfer system arid yields. Both sampling ports had raised edges to
also to postulate the material transport mech- minimize inclusion of particulate material in the
anism. In the interest of more efficient electric melt. Prior to welding in a controlled atmosphere,
power generating systems using a liquid metal the various components of the apparatus were
as the working fluid and/or heat transfer medium, chemically etched to a bright metallic lustre and
evaluation and test procedures for candidate finally cleaned with organic solvents.
container materials under simulated test condi- The shell of the pressure furnace assembly
tjoiis ate required. A prime requisite of' a solu- (Fig. 2) was fabricated from a 5-foot length of'
bility study is the development of' a sensitive 12.inch-dliameter scbedulc.40 steel pipe with
analytical scheme for the specific solute or %ol- access flanges welded at each end. An alundlum
utes over a wide concentration range. In addi- furnace core (4 inches l.D. and 3 feet-long), wound
tion to the manifold objectives of the study so with three molybdenum wire heaters, was sus-
indicated, modification of the method employed pended in a 304 stainless steel jig inside the pres-
here can be extended to the evaluation of'similar sure shell. Zirconia bubble insulation was used
systems, designed for high temperature appli- to fill the void space outside the alundlum core.
cationis in liquid metal technology.

Proceduare
EXPERIMENTAL APPARATUS

AND METHOD Approximately 20 to 25 grams of sodium were
vacunim distilled from a nickel still into a pyrex

Apparatus and Auxiliary System glass receiver. The sodium was melted and fil-
ter-ed by differential argon pressures through a

The siolubility apparatus, 2 inches in diameter fine porosity pyrex glass frit at about I IWC. into
and 3-1/4 inches long, is diagrammed in Fig. 1. the solubility apparatus. The apparatus was
With the excep~tion of the molybdenum sampling scaled at the glass portion under an atmosphere
crucible, the entire apparatus was made of the alloy of purified argon and removed from the distilla.
material under test. An important design feature tion unit to an inert atmosphere welding box.

The sodium transfer tube of the apparatus was
NIt. Priokkena CAPOS.ovi d 01615;i ONK Pvvc ft.O M-0i-00541 then crimped nad removed by fusion welding.

4850; pivitisiy vappvnitt by NASA Omlirwi C.76320, This it it hiul i ast l
repoill op thiol pave of the timitlem; wtwk is oiittvisvinun vii the pritibiii. Titanium folcladding wsapplied t l
Mntvuwripi sbivhltted Novellthiihe 27, Mi9t container surfaces exposed to the elevated
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I~t1i1-r4t ae add~chitim, I orotclcmi~nm agatinst carrier (10 mig). The ferr-ic hydroxide sravenliinmir
impurtiesin the argon aiunnosphere of the pm-es- effiut'icy lor both colrnibiurn amid Arir-onium wamsf sure furnace, The _apparatus wits jxtsitioned in established quantitatively in preliminary tests -

te furnace core anhd the entie sVti sa n'd 00Y synthesizedt queu sottum smutuons %ie
eactiatert. Argon, purified hy p~assg through with trace quantities of radioactive Cb" and
amolecular sieve and a heated titaniumn six~nge Zr~l fission product mixtire-z. The iron hydrOxide

clunin. was used 14) presslirive the system, was filtered and ignited to Fc,2O.- in which firm11
and conitrolledl by at 1IatiiiimiiiIpllatirmunii-20iý and analyowd lor colurniitim and Aioi umitu

rhodhmmn ihermimomtple in a jilam inuni-201, rho- activitv vrcspectivelv, The thermal neutron reac-
*, I II V , % I-I ', Ih I, - tr ipc. .111114.i j1 4  1 c'.i.-l i l, I I it , I it )IISo f i [Ito-I st %W lIt' [lit, f1 l ilIqIwj Ki

equalI the estimiated internal pressure of the 4i A 10 + OnlI4  
41C;bV44 +

formation or rupture. Mechanical stir'ring of the half'-life 6.6 minutes (1)
liquid sodium at infrequent intervals during the
temperatunre equilihriumn period was accomplished 40Z rO6 + 111 -+ 40Lm"? +
by oscillating the solubility apparatus through
its axial linkage extending outside the furnace half-life 17 hours (2)
systemu. The axial rod protruding through a pres-
sure type packing gland welded into one of t~he 4QZr'4" + an'~ -~ 4 0Zr95 + vY
access flanges of the shell was also used to obtain
at samnple of' the melt by 180-degree rotation of half-life 65 days(3
the solubility apparatuts at the expiration of the
temperature equilibrium period. Equilibrium Dlue to both the mode of decay of Cb#40 prin.
was maintained for1 an additional 15 minutes cipally (99%) by emission of' a weak x-ray, and
after the inversion of' the apparatus, to4 allow the nondestructive radiometric procedure used,
suflficient time for the sodium to drain into the uniformly thin samples of Fes0s (0.26 mg/cnl')
molybdenum crucible. 'The furnace was allowed were required to minimiz.e absorption losses in
to coiol to room temperature. the apparatus re- counting the x-rays, This was accomplished by
movedi, and opened at the bottomt of the mulyb- the demountable centrifuge tube shown in Fig. 3.
dlenum crucible chamber. The sampling crucible The cylindrical part was made of a 3-1/2-inch
was removed and the sodium analyzed for c(4lttt- length of seamless stainless steel tubing (I-inch
biurn and ziimconitum. O.D., 5/32-inch wall), the inside of which was

Due to the apparent unaltered malleability highly polished. A methyl alcoihol slturry (o1 finely
of the Ch-l% Zr alloy after firing, the atppatratus divided one milligram 'amounts of' Fet0 3 was
was readlily opened with) pipe cutters as at precati- quantitatively transferred to the cell and vŽ uni-
tion against contaminatio4n of' he melt by m1inutitt form deposit centrifuged onto the filter paper
filings produved bly other abrasive cutting p4ro- substrate. The methvyl alcohol was carefully re-
cedures. Since the mechanical properties of the moved by siphoning' with a mnicropipette and
alloy were apparently uncianged by flin mg, three syringe. Thie depo~sit was partially dried to a
solubility apparatuscs made of' thle santec mate- paste like consistency and the cell dismantled
rial were rewelded and sutccessfully reused in to remove the moumnt intact. The moutnt was com-
.subseqluent experimnets. pletely dried under ait infrared lamp and per-

manently cemented down with collodion prior
Analytical Procedure to irradiation. Unknown samnples and columbium

standards, identitrally prepared, were simnul-
Each sodium sample was reacted, diluted to taincously ir-radiated in the reactor for 15 uijnutes.

volume, and anl aliquot titrated to determine thle This is sullicient t ime for 75% 441 saturation activity
samp~le size. 'The CollUMhLIM and Almcoidiuni %ol- of (194m to le achieved. The irradIiated Fe2O1,
utes were seplarated fromi the resultant aqueouis deposits were nmondlestructively analyzed foi-
solution nonisotropicallv using standard iron Chu atvtsythtehnictu of integral deocay
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the hlow limit of detectability of columbium in 10" -,

this study was abomut 0.1 ppm by weight., L
... Tr a"iui• r iro t••,r•h-avenger as eg02 a
(0 mg Pe) from a typical solubility experiment,
allong with a prepared zirconium standard, was
irradiated hit onu hour in the NRI. reactor and
radior-henicaliv anthid lod ft /irt-onium activiit,
Hi, irr'adiated samples wert cliwniicaly dissnlh'f o
and Ihv /irco' iitn| acti\ilv sepliraledt i ,mI' al . , -*-- t 1' ,? HOUR, zH-

lion of the separated zircoiitno samples hv radio-
chemital pron edturs, liv samples were coUtnied
in the form of ZrO.,, by a thin-window gas-flow P
beta counter. oullnting was started after sufli- w.0m
cient time (-9 hours) had elapsed f br the (hbu • -

daughter activity of Zr" to reach equilibrium.
An aluminum filter ( 12 mgcm-3) was interposed
between the sample and counter to eliminate .
the beta activity of the 65-day half-life Zrm isotope.
This precaution was taken mainly because the
principal zirconium activity induced b%, thcrtnal 0 _0

50 IO0 TISO
neutr|ui irradiation is the 17-hour half-lifc TIME I•OURs ArrtE 0)
Zr's isotope, and also the half-life criterion was Fig. 6 - I,(•ui t. 0 Sclaratcd filr mgiI,
used to characterize the radioactivity. The arcivi-
ties, of the purified zirconium samples, were
followed for at least 120 hours after irradiation "Ah,"lThe Effect ofi E"xposure Tlime oil the Solubility :
and are shown in Fig. 6 to decay typically with a
17-hour half-life. of Cb-1% Zr Alloy in Soditini

The limit of measurement by this methodb lt arn
was estimated as I microgram of zirconium. In Temperature Eqi rb libium
view of'the average sodium sample size (15 grams) solubl) s lity Inc
analyzed, the low limit of detectability was 0.06 (hours)

ppm by weight of zirconium. A blank determina- 802 178 1.72 2
tion on the iron scavenger for zirconium was
negative. 1185 12 2.40 2

803 17.9 0.7'7 8

RESULTS AND DISCUSSION 1008 7.E 0,57 8

The results of the solubility experiments are 5181 .45,2 0.97 8

compiled in Table I. The data indicate equilib- 1380 243 3.60 8
rium conditions to be established within approxi-

mately eight hours. is indeterminable from a number of standpoints.
Semilog plots of the concentrations of colum- Mechanical as well as chemical phenomena may

bium and zirconium versus the reciprocal of the contrihute to this anomaly. Fine particulate en-
absolute temperature for the eight hour equilib- trainment in the sampling or apparatus opening
rium temperature experiments are shown in procedure and/or chemical interaction of im-
Fig, 7. The solubility values of both constituents, purities originating from either the liquid so-
as determined in the low temperature experi- dium and the alloy metal or both are lx)ssible
meit, appear to be a factor of approximately explanations.
10 too high to be consistent with the higher tern- The magnitude and effect of oxide and hy-
perature values. The source of this irregularity droxide impurities in the liquid sodium oin

I
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solubility were taot established in this study.v In- The apparent increase ill Solubility of both
admitiate pretauti(Jns were taker) to remove constituents to approximately the same extent,
uAditin xamnles for analystis wiihoUt adiritional in the perspective of the aforementioned factors,
contamination front the 'solubility apparatus at~ appears to he genuinely significant and no~te-
the end of' a run. D~ouble oxide sAlt formation (2) worthy.
between sodium monoxide and various metal RETENF
oxides and it5 subsequent solubility in the bulk
sodium liquid has been postulated as a SOlUbilit) 1. Kokhnfl. L M.,a~nd HIving. P.J., eds., "I-eatm on Analytical

mechanism in such systems in the past. Recent (herniziry. Panl 11, Vol. 5, New Yoark-t nlinid n: mrsinc

studies j3,41) investigating the effect of oxide and Puhtwshera pp. 124-125, 1961
hydoxie ipuitis i liui soiumon he 2. William% 1).11., (a anrt, J.A., and Millet, R. R., "'The iteat
hydrxideimpritis i liqid sdiu on he ions ot' Motheusi sodium llvdratssde With Varrnm% MetaI,"

solubility of container materials, have revealed J. Am. Chm Sac. 78,5150('19m)
orders of magnitude increases in solubility incas- S. hatut. R.A., Hogcati. AtD.. Graind. J.A.I lAx hart. LB.. jt.,

urements with increasing imrpurity leveI%. In Millet R.RN and~i WuiI,400, 1)1)., TPu mreings ofthrl In-

consideration of the low conc~entration ranges terp,'tionl., CNewtt Yor:n hed Peaceful , pp.o Aom-3

obsemred and the unknown impurity level of' the leg, o.9 e okUle alnp.3&3

liuid sodium system, the imcreassed solubility 4. Kowadna, T.A,, anld Miller, R.R., NudwSe., &WN said
effect evidenced at 803*C is not unrea.'onable. Emg6""Eet 0163tb (1961)
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